Background and Objective The literature has shown that different baseline adjustment approaches lead to different results when examining cost and quality-adjusted lifeyears. To our knowledge, the concept of baseline adjustment in a net benefit (NB) regression has not been studied. The purpose of the study was to explore the impact of different baseline adjustment approaches in an NB framework on the cost effectiveness of an intervention using person-level data. Methods This study used data from a randomized controlled trial that evaluated the effectiveness of a multifactorial falls prevention intervention for older home care clients. The outcome was the number of falls at the 6-month follow-up. The cost variable was the total healthcare costs from a societal perspective. Incremental NB values were estimated using four baseline adjustment approaches: (1) the change in NB is the dependent variable; (2) the NB at follow-up is the dependent variable without adjusting for baseline values; (3) the NB at follow-up is the dependent variable adjusting for baseline NB; and (4) the NB at follow-up is also the dependent variable adjusting for baseline cost and effect separately. Results With adjustment of baseline values (Approach 1, 3, 4), the intervention was not cost effective when compared to usual care. Conversely, without baseline adjustment (Approach 2), the intervention was cost effective if decision-makers' willingness-to-pay per fall prevented was CAN$10,000 or greater. Conclusions This study showed that different baseline adjustment approaches in a cost-effectiveness analysis can lead to different results. Future research is needed to determine the most appropriate adjustment approach in planning economic evaluation using NB regression.
Background
Economic evaluation can be conducted using person-level data, such as from administrative data sets or randomized controlled trials (RCTs) [1] [2] [3] . Depending on the study design, analysis using person-level data may need to account for differences between the study groups. Data from RCTs are usually analyzed on the assumption that through randomization, confounders or baseline values are equally distributed between the study groups. However, even in studies with randomization and with large sample sizes, there may be differences in the baseline values between groups [1, 4] . Cost-effectiveness analyses using personlevel data need to take into account baseline differences between subjects who received a new treatment or intervention and those who received usual care.
When analyzing person-level data, the use of regression analysis is recommended over a simple unadjusted analysis because regression analysis can estimate the treatment effect with increased precision due to the adjustment of confounders [4] [5] [6] [7] [8] . The concept of baseline adjustment is well-known [8] . Variables known to be associated with the outcomes should be adjusted for in the analysis even though this variable may be balanced between the study groups [8, 9] . An example of a confounder or a variable that may be strongly associated with an outcome is the baseline value of the outcome.
Applying the concept of baseline adjustment to the realm of economic evaluation, studies have been published that support the importance of baseline adjustment on cost and effect variables [1, 10] . Manca et al. [1] examined and confirmed the importance of controlling for the baseline outcome, quality-adjusted life-years (QALYs). They showed that baseline QALYs must be accounted for when analyzing the treatment effect on QALYs. The key implication is that failure to control for the outcome value at baseline in an economic outcome analysis can result in misleading results. van Asselt et al. [10] further supported the importance of controlling for baseline costs. The studies by Manca et al. [1] and van Asselt et al. [10] can be viewed as specialized cases of net benefit (NB) regression when willingness-to-pay (WTP) is zero (cost) or becomes infinite (effect). Our study contributes to the literature by examining the concept of baseline adjustment in an NB regression framework, providing a more general set of results.
NB regression is a technique used to examine the cost effectiveness of an intervention through the use of regression methods [11] . This method avoids reliance on costeffectiveness ratios and their associated statistical problems [11] . Cost-effectiveness analysis with an NB regression model uses person-level data, and thus must consider the influence of baseline values (e.g., QALYs and costs). NB is a function of both effect and cost. Therefore, differences in either variable at baseline could influence the resulting NB value at baseline and for NB values at follow-up. Consequently, to take into account differences in baseline effect and cost, the NB value at baseline needs to be adjusted for in the NB regression framework.
The purpose of the present study was to explore the concept of baseline adjustment in the NB regression model by comparing four baseline adjustment approaches. These included: (1) Approach 1 (Change), which used change scores to adjust for imbalances at baseline; (2) Approach 2 (Followup), where the NB at follow-up was the dependent variable without the adjustment of baseline NB; (3) Approach 3 (Followup?), where the NB at follow-up was the dependent variable adjusting for baseline NB as an independent variable; and (4) Approach 4 (Followup??), where the NB at follow-up was also the dependent variable adjusting for baseline cost and baseline effect separately.
Methods

Example: Empirical Data from a Randomized Controlled Trial
This study used data from an RCT, the aim of which was to determine the effectiveness of a multifactorial and interprofessional team approach to fall prevention for older home care clients who were at risk for falling in Ontario, Canada [12] . The sample of 109 older adult participants was randomly assigned to the multifactorial falls prevention intervention or usual home care services. A total of 92 participants (intervention: 49; control: 43) completed the 6-month follow-up. Ethics approval for the study was obtained from the McMaster University Research and Ethics Board and renewed yearly as required (#05-279). All participants provided written informed consent for participation. A detailed description of the study can be found elsewhere [12, 13] .
Participants and Setting
Study participants were older adults (C75 years), newly referred to and eligible for personal support services through the Community Care Access Centre (CCAC) in Southern Ontario, Canada, living in the community (not in a nursing home or other long-term care facility), mentally competent to give informed consent, and competent in English or with an interpreter available. With verbal consent, clients meeting these criteria were screened for risk for falls. Older persons were deemed to be at risk for falls and thus eligible for the study if they answered ''yes'' to any of the following questions: ''have you fallen in the past 12 months?''; ''do you have a fear of falling?''; or ''are you unsteady on your feet?'' [14] .
Usual Care: Usual Home Care Services
Participants randomly allocated to the control group received standard home care services arranged by the CCAC. These included (1) routine follow-up by the CCAC case manager, whose focus was on assessing the client's eligibility for in-home health services; (2) arranging and coordinating professional (i.e., nursing, occupational therapy, physiotherapy, social work, speech-language pathology, and nutrition) and non-professional personal support services; (3) providing information and referral to community agencies; and (4) monitoring and evaluating the plan of care on an ongoing basis through in-home assessments with clients [15] .
New Intervention: Multifactorial and Inter-Professional Falls Prevention
The intervention group received the same standard home care as the control group, plus home visitation at least once per month for six months by a dedicated team of professionals (CCAC case manager, registered nurse, occupational therapist, physiotherapist, and registered dietitian). The professionals tailored their visits to the individual needs of the client. The aim of the interdisciplinary team was to reduce falls and fall-related injuries, enhance healthrelated quality of life, and reduce health service use.
Variables and their Measures
The primary outcome (or effect variable) was the self-reported number of falls at the 6-month follow-up. A fall was defined as unintentionally coming to rest on the ground or floor [16] . All participants kept a calendar to record any slip, trip, or fall daily and returned it at the end of each month. The effect at baseline for participant 'i' (E i,b ) covered the effect over the 6-month period before baseline; and the effect at the 6-month follow-up for participant 'i' (E i,f ) represented the effect over the six months after baseline. Change in effect (DE i ) referred to the difference between the effect variable at follow-up and baseline
The cost variable was the total costs of use of all types of health service use for each participant, and was determined using the Health and Social Services Utilization Inventory (HSSUI), which assessed costs from a societal perspective [17] . The cost at baseline (C i,b ) covered the costs in the 6-month period before the baseline; and the cost at the 6-month follow-up (C i,f ) covered the costs over the 6-month period after the baseline for participant 'i'. Change in cost for participant 'i' (DC i ) referred to the difference between the cost at follow-up and baseline
Potential confounders in the model included age, sex (female), older adult participant's fear of falling (fearfall), and whether or not the participant fell in the last 12 months (prevfall). Previous research has found these covariates to be significantly associated with the effect variable (number of falls) [12, 18, 19] .
The Sects. 2.2-2.4 provide a general description of (1) NB regression; (2) four baseline adjustment approaches; and (3) methods to compare the four adjustment approaches.
Net Benefit Regression Model
An individual's net monetary benefit value is calculated in Eq. 1:
where 'i' referred to participant 'i' and 't' referred to the time of assessment: 'b' for baseline, 'f' for follow-up, or 'c' for the change between follow-up and baseline [11] . For example, C i,b referred to the cost variable at baseline, whereas E i,f referred to the effect variable at follow-up for participant 'i'. We used k to represent the value society is willing to pay to prevent a fall [20] , which was assumed to be between CAN$0 and CAN$100,000. NB i,t was created for each participant at each assessment time, t. For example, NB i,b represented the NB value at baseline for participant 'i'. The NB approach provides a straightforward method to assess whether the new treatment or program is cost effective when compared to usual care, based on the value of the incremental NB (INB) [11] . From a NB regression model, INB was obtained in the form of a treatment coefficient estimate or b TX from the following general equation:
where there were p covariates X in the model and e represented the error term. NB i,t , the NB value for participant 'i', was the dependent variable. A negative INB or b TX \ 0 indicates that the new treatment is not cost effective and a positive INB or b TX [ 0 indicates that the new treatment was cost effective when compared to usual care, adjusting for the other covariates [11] . In this study, NB regression was used to investigate whether or not the multifactorial, inter-professional team approach to fall prevention was cost effective when compared to usual care. The general regression model was Eq. 3:
With the final model, the regression results were used to create a cost-effectiveness acceptability curve (CEAC) based on the method in Hoch et al. [21] .
Adjustment Approaches
The four baseline adjustment approaches are described next. The main differences between the four baseline adjustment approaches were in the dependent variable and the inclusion of baseline values as a covariate, i.e., (1) whether the dependent variable was change in the NB for participant 'i' (NB i,c ) or NB at follow-up (NB i,f ); and (2) how baseline values were adjusted (by creating a new variable, by not taking it into account, by using baseline NB, or by using baseline cost and baseline effect separately).
Approach 1 (Change)
Some studies use change scores to address imbalances between the treatment groups at baseline [22] . To implement this approach, the dependent variable was specified as NB i,c . The change in NB was calculated from the DE i , which referred to the difference in E between the baseline and followup for participant 'i', and DC i . Each participant's NB value in this approach was calculated using Eq. 4:
The covariates in the regression model for Approach 1 are the same as in Eq. 3.
Approach 2 (Followup)
The dependent variable in Approach 2 was NB i,f , calculated with the E i and C i at follow-up. The variable, E i,f , referred to an individual's number of falls experienced at follow-up, whereas C i,f was the costs incurred by the participants at follow-up. The dependent variable, NB i,f , for each participant was calculated (Eq. 5):
The covariates in the regression model for Approach 2 are the same as in Eq. 3.
Approach 3 (Followup?)
The model in Approach 3 is similar to the one in Approach 2, with the main difference being the additional covariate in the model. Both Approach 2 and 3 employed NB i,f as the dependent variable. However, in Approach 3, the regression model included the NB at baseline (NB i,b ) as a covariate, which was calculated as Eq. 6:
where E i,b referred to the number of falls experienced by participants at baseline, and C i,b was the costs incurred by participants at baseline. The regression model in Approach 3 can be expressed as Eq. 7:
Approach 4 (Followup??)
The model in Approach 4 also adjusted for baseline value but in a different way from Approach 1 and 3. NB i,f was the dependent variable. However, in Approach 4, the regression model adjusted for C i,b and E i,b separately (as separate covariates). The regression model in Approach 4 is Eq. 8:
Comparison Among Four Baseline Adjustment Approaches
Data processing and analyses were conducted with the SAS Ò 9.4 statistical software package (SAS Institute, Cary, NC, USA) and Microsoft Excel (Ó 2007 Microsoft Corporation). Descriptive analyses were performed to examine the distribution and proportion of variables with a significance level of 0.05 (two-sided). Student's t test for continuous variables and Pearson's Chi-square test for categorical variables were used to examine the unadjusted differences between the two groups on baseline characteristics or covariates. Following four different baseline adjustment approaches, we conducted NB regression models with WTP from CAN$0 to CAN$100,000, and we created a CEAC (one for each adjustment approach) using the approach by Hoch et al. [11, 21] . A CEAC was generated from a Bayesian perspective with a 'non-informative' prior [21] .
Results
There was no significant difference between the intervention and usual care group in terms of characteristics (Table 1) . Table 2 summarizes the results from the four baseline adjustment approaches, showing the different conclusions from each approach. Approach 1, where the dependent variable was the change in NB, showed that the intervention was not cost effective when compared to the usual care group from WTP of CAN$0 to at least CAN$100,000 as the INB remained negative. In Approach 3, where the dependent variable was NB i,f with the adjustment of NB at baseline, the intervention was not cost effective. With adjustment of baseline cost and effect separately (Approach 4), the intervention was also not cost effective. In Approach 1, 3, and 4, regardless of WTP, the cost outweighs the benefit gained. Conversely, in Approach 2, with NB i,f being the dependent variable and without the adjustment of NB at baseline, the intervention was cost effective if WTP was CAN$10,000 or greater. Figure 1 shows the CEACs from each baseline adjustment approach from WTP of CAN$0 to CAN$10,000. The probability that the intervention was cost effective differed depending on the type of adjustment approach that was used. For example, with a WTP of CAN$5000, the probability that the intervention was cost effective ranged from approximately 17 to 48 % depending on the adjustment approach. The probability that the treatment was cost effective was 17 %, where the dependent variable was the change in NB (Approach 1). This probability increased to 48 % when NB i,f was the dependent variable without the adjustment of NB at baseline (Approach 2). The probability that the intervention was cost effective was 36 % in Approach 3 with the adjustment of baseline NB and 41 % in Approach 4 with the adjustment of baseline cost and effect separately. From the CEACs, the results from Approach 3 (Followup?) and Approach 4 (Followup??) were similar to one another compared to Approach 1 or 2.
We conducted regression diagnostics (i.e., linearity, homoscedasticity, normality of error, and collinearity). Collinearity was not a problem for all included variables. The other regression diagnostics results varied depending on the models (i.e., the values of WTP). Due to the nature of the data, the data did not meet certain assumptions; therefore, we also employed a robust regression command in STATA Ò (StataCorp LP, College Station, TX, USA) (rreg), which computed iteratively reweighted least squares where the weights were based on absolute residuals. The findings between the regular and robust regression were similar. Detailed findings on regression diagnostics are available in the Electronic Supplementary Material.
Discussion
The overall purpose of this study was to explore the concept of baseline adjustment in the NB regression model by comparing four baseline adjustment approaches. Our results illustrate that baseline adjustment approaches in NB regression framework can produce different cost-effectiveness results, which may further influence recommendations for practice and policy. In this example, with the adjustment of baseline values (Approach 1, 3, 4) , the multifactorial falls prevention intervention was not cost effective. On the other hand, in a model without the adjustment of baseline NB (Approach 2), the falls prevention intervention was cost effective at certain WTPs. Cost effectiveness assessments of a healthcare intervention can be influenced by the choice of the adjustment approach for baseline values.
Results from Approach 3, where the dependent variable was the NB i,f with the adjustment of baseline NB, were similar to those of Approach 4, where the dependent variable was NB i,f with the adjustment of baseline cost and effect separately. One reason for the similarity could be the fact that both approaches incorporated baseline cost and baseline effect in the regression model (either as NB i,b or C i,b and E i,b ). Results from Approach 1, where the dependent variable was the change in NB, were similar to those of Approach 3 and 4 (as they all reported negative INB regardless of WTP values). This similarity could be Mean cost at followup ± SD 5127 ± 3914 4800 ± 4305
Effect variables
Mean change in number of falls ± SD 0.3 ± 2.6 0.4 ± 3.3
Mean number of falls at baseline ± SD 1.8 ± 2.7 1.7 ± 3.7
Mean number of falls at follow-up ± SD Fall in the last 6 months (%) 73 67
The two groups were not significantly different in term of variables listed in Table 1 Baseline referred to 6 months before the study began. Follow-up referred to 6 months after the baseline. Change referred to the difference between follow-up and baseline N sample size, SD standard deviation Fig. 1 Cost-effectiveness acceptability curves (CEACs) from the four net benefit (NB) baseline adjustment approaches. Each CEAC illustrates the probability that the multifactorial falls prevention intervention was cost effective, compared with the usual care, at the specified willingness-to-pay. The four NB adjustment approaches include: Approach 1 (Change), which used change scores to adjust for imbalances at baseline; (2) Approach 2 (Followup), where the NB at follow-up was the dependent variable without the adjustment of baseline NB; (3) Approach 3 (Followup?), where the NB at followup was the dependent variable adjusting for baseline NB as an independent variable; and (4) Approach 4 (Followup??), where the NB at follow-up was also the dependent variable adjusting for baseline cost and baseline effect separately (2) QALYs at follow-up without the adjustment of baseline QALYs; and (3) QALYs at follow-up with the adjustment of baseline QALYs [1] . The efficiency of the estimators was compared using mean absolute deviation (MAD). According to Manca et al. [1] , this is the MAD between the true treatment effect as defined in the simulation and the estimated value obtained from the simulation. They reported that the approach with QALYs at follow-up being the dependent variable with the adjustment of baseline QALYs had the lowest MAD, relative to the true value, compared with the other two approaches. They concluded that the approach with QALYs at follow-up as the dependent variable and with the adjustment of QALYs at baseline appeared to be the most accurate model. van Asselt et al. [10] further reported that different baseline adjustment approaches on cost led to different results, and that the difference in baseline cost should be adjusted for using a regression-based model.
Limitations of our empirical example should be noted. From the literature, older people may fear loss of an independent lifestyle and the associated stigma of aging [23] . Consequently, the number of falls might have been underreported. Recall bias might also have led to under-reporting of fall incidents. More studies are needed to develop and test strategies to maximize the likelihood that seniors report all falling events. Moreover, the outcome of interest, number of falls, was chosen based on its relevance to clinical practice. The chosen outcome limited the comparison across other studies to those that used a similar outcome.
Future work could identify which adjustment approach provides the most accurate results (e.g., whether the NB model with the adjustment of baseline NB is the most accurate model), using similar methods as described in Manca et al. [1] . The objective of this current study is to explore the impact of different baseline adjustment approaches in an NB regression framework on the cost effectiveness of an intervention. Therefore, different approaches (with different assumptions) were reported. For example, while the use of NB captures the fact that cost and effect may be related, it may hide the individual impact of cost and effect on the cost effectiveness of the findings. From the literature on the concept of baseline adjustment, variables known to be associated with the outcomes should be adjusted for in the analysis [8, 9] . The ability to adjust for baseline values depends on the availability of data. Therefore, when plausible, baseline values should be collected and considered for inclusion in the analysis.
Conclusion
Cost-effectiveness analysis using person-level data may be influenced by differences in baseline values. Our study showed that different baseline adjustment approaches in an NB regression framework can lead to different conclusions. This is important because different findings on the cost effectiveness of health interventions may lead to different policy recommendations. Future research is warranted to determine which baseline adjustment approach provides the most accurate results in the NB regression framework.
